Blackberry (Rubus fructicosus) is one of the fruit with the highest concentration of anthocyanins; however, its use is limited for making jams, jellies and liqueur, and recently, fruit concentrates in combination with pomegranate, blueberry and grape. One of the main problems with these pigments is their poor stability in solution, mainly in beverages as liqueur and juices, which depends on factors such as chemical structure, pH, temperature, light, water activity, and presence of oxygen. The effect of light on total monomeric anthocyanins content as well as the degradation rates and browning of two blackberry ethanolic extracts is to establish the conditions for storage of liqueur without adding artificial food coloring. The initial content of anthocyanins on extract without storage was 106 mg•l −1 . The study assessed the light irradiation effect on the anthocyanins of blackberry ethanolic extract. The anthocyanins degradation followed the second order reaction kinetics with respect to illuminance of the light source. The t1/2 value at high illuminance (3968.30 lx) was 28.20 hours.
Introduction
Color and appearance are perhaps the most important quality attributes of food due to the ability and facility that the human has to perceive them, and are the first evaluated by the consumer. Colorants, which could be natural or synthetic, are the chemical substances responsible for creating these properties [1] . Anthocyanins are a group of naturally occurring phenolic compounds, defined as phenolic flavonoids that have the chemical structure C 6 -C 3 -C 6 [2] . These polyphenolic substances are glycosides of polyhydroxy-and polymethoxy-derivates of 2-phenylbenzopyrylium or flavilium salts. As flavonoids, the structure of aglycon (Table 1) consists of two benzene rings (A and B) combined by the mediation of the oxygen-containing pyrane ring (C) [3] . Table 1 shows the most common aglycons with different substitution patterns of hydroxylation and methoxylation which produce an orange-red (pelargonidin) to blue-red (delphinidin) color at about pH 1.
Although anthocyanins present a large variety of colors making them a viable utility in food, their stability is greatly affected by factors such as pH, temperature, oxygen, ascorbic acid, some nucleophile used as food additives (SO 2 ,
NO
− , H 2 O 2 ) and light [2] . Higher stability of anthocyanins, which occurs in acid conditions, has been investigated, but their stability and color are affected by the substituents into the aglycon [4] . These compounds could be in four structural forms in both aqueous solutions and foods (depending on the pH): the quinoidal-base (blue), the red flavilium cation and the pseudo-carbinol base and the chalcone which are colorless [5] - [7] . A limitation that has restricted the use of anthocyanins as colorants in food systems is that their intensity is reduced and a blue shade increases in neutral pH where the hemicetal and the quinoidal structures are formed. They are less stable and may rapidly degrade [2] . Temperature also affects the stability of anthocyanins which are being destroyed during the processing and storage of food. Color degradation was observed when the temperature increases [8] .
On the other hand, the unsaturated structure of anthocyanins makes them susceptible to molecular oxygen attacks. For many years it has been known that when grape is bottled hot, the degradation of color from purple to dull brown is reduced by the complete filling of the bottles. These effects have also been investigated in other juices containing anthocyanins [9] . Recent researches have shown that ascorbic acid and anthocyanins disappear simultaneously from the fruit juice, suggesting some direct interactions between the two molecules. Some authors have reported the effect of light on the degradation rates of anthocyanins. The aim of this work was to evaluate the effect of the presence of light and the aging time in the content of monomeric anthocyanins from blackberry alcoholic extract used for manufacturing artisanal liquor.
Materials and Methods

Samples
Fresh fruit harvested in Zacualtipan, Hidalgo (Mexico) and stored ethanolic extract of blackberry were provided by a local micro-industry which manufactures artisanal blackberry liqueurs.
Reagents
All the reagents used were analytical grade. Solutions were prepared with deionized water (Milli-Q from Millipore; MA, USA). The determination of monomeric anthocyanins was done using two buffer systems: potassium chloride buffer, pH 1 (0.25 mol•l 
Preparation of Blackberry Extracts
Two kinds of extracts were used: fresh and stored extracts. The stored extract was prepared by manufacturers and was stored during five years at room temperature in transparent PET bottles.
Fresh blackberries were provided by the micro-industry. Fresh extract was obtained mixing 500 g of blackberries with 600 ml of ethanol. The resulting mixture was macerated in a dark place at room temperature for four months. After that, ethanolic extract was obtained using a mechanical press and stored in a dark place for a month and finally it was decanted after sedimentation. This extract (extract without storage, EWS) and the stored extract (SE) were used to evaluate the effect of light on the content of monomeric anthocyanins as well as degradation and browning rates.
Kinetics of Anthocyanins Degradation
The effect of light on the degradation of anthocyanins was determined. Aliquots of 20 ml of EWS and SE were put in screw-cap test tubes. The tubes were irradiated with three light sources (992.06, 2380.95, and 3968.30 lx) for five days in a chamber (Figure 1) while two samples were stored in a dark place at room temperature. At intervals of 24 hours, both the rate of degradation and the rate of browning were measured. Analyses were performed in triplicate.
The light sources selected cover the light intensity range in which real alcoholic extracts are stored in the manufacturing micro-industry until they are used for preparing liquors.
Determination of Monomeric Anthocyanins
Total extract monomeric anthocyanins content was determined using the pH differential method [10] in two buffer systems (pH 1.0 and pH 4.5). The concentrated samples were diluted with the corresponding buffer and the absorbance was measured at 510 and 700 nm. Analyses were performed in triplicate.
Total monomeric anthocyanins were calculated as cyanindin-3-glucoside [11] [12], which is the most com- Figure 1 . Chamber shows light source and distance to the tested sample.
mon anthocyanic compound (Equations (1) and (2)). When suspended solids or colloids exist in the sample, the absorbance at 700 nm is a correction. The absorbance at 510 nm was measured because this wavelength was the maximum absorbance of the extracts. •mol −1 for Cyanidin-3-glucoside (pH = 1); l = path length in cm.
Determination of Degradation and Browning Rates
Two aliquots of 500 µl of EWS and SE were diluted to 10 ml with distilled water for the control solution, and for the sample solution 1 ml of 3 HSO − was added and diluted with distilled water to 10 ml. Degradation and browning rates were determined at 420, 515 and 700 nm and were calculated according to Equations (3) to (5) for both solutions. During the analysis the target was distilled water [11] .
Color density was calculated with a control solution according to the Equation (3). A measure of polymeric color of the sample solution was obtained by applying the same procedure as used in determining color density. Polymeric anthocyanins are resistant to bisulfite bleaching.
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The percent of polymeric color was calculated according the Equation (4). polymeric color % Polymeric color 100 color density = ×
The browning index was calculated according to Equation (5) . Results of the analysis of the sample solution were used. 
Results and Discussion
Kinetic Modeling for the Extract without Storage
The initial content of total monomeric anthocyanins of EWS was 106 mg•l −1 which was considered to calculate the spectral data to cyanidin-3-glucoside. The effect of light on the content of monomeric anthocyanins was plotted as a function of time (Figure 2) . The order of reaction for the degradation of anthocyanin by action of light was calculated by graphical method [13] . Figure 2(a) shows that monomeric anthocyanins concentration decreased 76% in one week when the extract was irradiated with a light source of 3968.30 lux. The decrease in the concentration of monomeric anthocyanins, which give the red color to fruit drinks, is a loss of food quality [8] . The monomeric anthocyanins concentration decreased 29% (P = 0.05) in extract stored at darkness. These results showed that this storage method is efficient to preserve the quality of blackberry extract. Increasing the intensity of the light source causes the gradual loss of monomeric anthocyanins (Figure 2(a) ).
The linear correlation coefficients for each reaction order were calculated ( Table 2) . It is clear from Figure 2 and Table 2 that the degradation of blackberry anthocyanins from ethanolic extract followed second order reaction kinetics with respect to the illuminance of the light source (greater values for R 2 ). This model has also been reported by Albarici & Pessoa [14] for degradation anthocyanins from nonpasteurized acai pulp due to temperature effects. In that study, the concentration of anthocyanins decreased exponentially over time, showing halflife (t 1/2 ) = 10.14 hours.
Considering a second-order kinetic, the rate constant (k) and t 1/2 for anthocyanins from EWS were calculated (Table 3) . According to the results, it was observed that the color degradation of anthocyanins was greater when the extract was exposed to radiation sources of high illuminance (3968.30 lx) and t 1/2 was longer in darkness storage (100 µlx). The t 1/2 value at high illuminance (3968.30 lx) was 28.20 hours; which suggest that anthocyanins from blackberry are most susceptible to high temperature that high illuminance, since Wang and Xu [8] has reported lower t 1/2 values for anthocyanins thermal degradation (16.7, 8.8, 4.7 and 2.9 hours at 60˚C, 70˚C, 80˚C and 90˚C, respectively).
On the fifth day of our kinetic study the rates of degradation and browning were measured. There was no significant change (P = 0.05) between experimental conditions (storage at dark conditions and under light irradiation). The color density was set from 4.39 to 6.96, the polymeric color from 3.71 to 5.21 and the rate of browning from 2.56 to 4.32. At the end, the juice that was irradiated with 3968.30 lx showed the greatest loss of color (Figure 3). 
Stored Extract
The initial concentration of monomeric anthocyanins in stored blackberry extract was 1.67 mg•l −1 . The kinetic parameters were not calculated due to the small variation observed in the concentration of monomeric anthocyanins. These results showed no significant difference between the initial concentration of monomeric anthocyanins and the concentration at the end of the study; which would indicate that anthocyanins were totally degraded. This could be attributed to a deficient handling of the blackberry extracts by manufacturers (too long storage time at room temperature in transparent containers). According to the results obtained, blackberry extract should be stored in darkness at all stages of production (from extraction to packaging) and the packaging must be in amber bottles.
Conclusion
The results from the present study provide detailed information regarding the changes in the kinetic stability of blackberry anthocyanins from alcoholic extracts under light exposure and storage at darkness. Degradation of blackberry anthocyanins followed the second order reaction kinetics with respect to illuminance of the light source. Knowledge of the chemistry of the anthocyanins and factors affecting their stability can be used to minimize degradation by the appropriate selection of processes. In this way, the study of the effect of light on anthocyanins provides information needed for the packaging of products rich in these substances such as liquor or juice concentrates, avoiding the addition of artificial colors to mask the degradation of anthocyanins as natural components. 
